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Objective: To provide normal data for comparison with
objective measures of an athlete's cognitive ability after mild
head injury (MHI).
Subjects: Seventy-two Division I college athletes.
Design and Setting: Athletes were assessed on three test
dates (two days apart) in a sports medicine research laboratory.
Measurements: Normative data were collected on four
cognitive tests (Hopkins Verbal Learning Test, Stroop Test,
Reitan Trail-Making Tests, and Wechsler Digit Span Tests).
Results: A repeated-measures analysis of variance revealed
significant learning effects on all tests except the Hopkins
O ne of the most difficult problems facing athletic trainers
and sports medicine personnel is the recognition, care,
and management of athletes with mild head injuries
(MHI). MHI has become a frequent topic of discussion among
members of the sports medicine community, in part due to the
number of high-profile athletes who have recently suffered
complications from repeated head injuries. The lack of infor-
mation on managing MHI is alarming in light of the incidence
of MHI. It is estimated that 500,000 people are treated for head
injuries every year in the United States alone.1 Of these,
approximately 250,000 injuries occur in the sport of football,2'3
including as many as ten deaths every year.3-5 These statistics
do not include the numbers of head injuries that go unrecog-
nized or unreported. The danger of this high incidence is that,
once a player receives an MHI, the likelihood of sustaining a
second MHI increases by four.6'7 This phenomenon, known as
second-impact syndrome, occurs when athletes return to com-
petition with unresolved symptoms of MHI and, therefore, are
placed at increased risk for further injury.78 The difficulty in
deciding when to return an athlete with MHI to competition stems
from the lack of readily available testing procedures that are
sensitive to functional disturbances resulting from MHI. Unlike a
shoulder or ankle, in which range of motion, strength, and stability
can be easily tested, the testing ofMI is more difficult.
In 1994, the National Athletic Trainers' Association held a
summit on mild brain injury in sports. The purpose of the
summit was to address the complex issues of evaluation,
treatment, and management of head injuries and to offer
Verbal Learning Test. A high correlation was noted between the
Stroop and the Trail-Making Tests.
Conclusions: These normative data can be used as com-
parisons to provide an objective measure of an athlete's
cognitive ability following MHI. By adding this test battery to the
athlete's other physical and neurologic tests, the decision to
return an athlete to competition after MHI can be made with
greater confidence and with less risk of reinjury.
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recommendations for future head injury research.9 In addition
to establishing consistent definitions and management proto-
cols, it was recommended that future projects focus on neuro-
psychological parameters that may aid in determining the
presence and extent of an athlete's head injury.
Research has indicated that neuropsychological tests can
assist the clinician in discovering cognitive deficits that com-
monly occur after head injury.5i10-'4 These deficits can be
measured objectively and compared with standardized normal
scores to help determine the status of an athlete's head injury.
Cognitive test scores can also be used as part of the decision
process in returning an athlete to competition after a head
injury. Despite the increased use of neuropsychological tests in
the sports medicine arena, little normative data exist on
athletes. Therefore, clinicians lack the information necessary
for interpreting the results from injured athletes.
Our goals were to establish normative data, including
possible learning effects and correlations between various
cognitive tests. These data can then be compared with those of
individuals tested after MHI and used to determine the influ-
ence of practice effects versus actual recovery, which may aid in
the decision of when to return an injured athlete to competition.
METHODS
Seventy-two Division I college student athletes were ran-
domly selected from eleven varsity sports. Forty-one females
and thirty-one males were included in the study. The average
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age of all athletes was 20.54 ± 1.9 years. Athletes who had
previously sustained a head injury, who were known to have a
learning disability, or who were color-blind were excluded
from the study. Approval for participation was obtained from
the involved coach, the athlete, and the athletic department
before the athlete was enrolled in the study. All subjects were
notified of the testing procedures and were asked to sign an
informed consent form in accordance with the Human Subjects
Committee at the University of North Carolina at Chapel Hill.
The subjects' cognitive abilities were tested on four neuro-
psychological tests that have been proved both valid and
reliable for determining various cognitive deficits. 5-18
The Hopkins Verbal Learning Test (HVLT)
(Johns Hopkins University, Baltimore, MD)
The HVLT is a clinical test of verbal learning and memory
based on the California Verbal Learning Test, which is a more
comprehensive test of verbal memory. The HVLT is much
faster to conduct and can be administered in six equivalent
forms to reduce any learning effects.19 Each of the six forms
consists of a 12-item word list composed of four words from
each of three categories. The examiner reads the word list to
the patient, who tries to memorize the words. The patient's free
recall is tested first, after which a list of 24 words is read and
the patient is asked to indicate whether or not the words
appeared on the original list. The test is scored by summing the
correctly recalled words in each trial and the number of
correctly recalled words from the list of 24. A perfect score is
48.
The Stroop Test (Stoelting Company, Wood Dale, IL)
The Stroop test is designed to assess cognitive flexibility and
attention.20'21 The Stroop test examines the ability to separate
word- and color-naming stimuli by sorting information from
one environment and reacting to this information.16 The test
involves three different sections. Section One is the word test,
which involves the reading of 100 items, consisting of the
names of different colors written in black ink. The second
section is the color test, consisting of 100 items written as four
Xs (ie, XXXX) in the various colors of ink named in Section
One. Section Three is the color-word test, consisting of the 100
words found in Section One printed in the colors of Section
Two. However, in no instance does the word correspond to the
correct color. In Section One, the examiner asks the patient to
read the word that is printed in black ink. In Sections Two and
Three, the patient is asked to give the color of the printed item.
The Stroop stimuli are thought to activate automatic verbal
processing responses that interfere with the conscious thought
process of color naming. The test is scored by counting the
number of correctly named items in a period of 45 seconds. An
overall score is obtained by summing the scores of the three
individual tests.
The Reitan Trail-Making Tests (Reitan
Neuropsychological Laboratory, Tucson, AZ)
The Reitan Trail-Making Tests A and B offer a highly
reliable (r = 0.60-0.90) and well-validated method of assess-
ing orientation, concentration, visual-spatial capacity, and
problem-solving abilities.18'22'14 The Trail-Making Test A
involves connecting numbers from 1 to 25, in order, as fast as
possible. Test B, which is available in three different forms to
minimize practice effects, is similar but involves connecting
alternating letters and numbers. The test is scored by recording
the time taken to complete each test and adding 1 second for
each error (not touching the circled item or connecting the
wrong sequence) to the total time.
The Wechsler Digit Span Tests (WDS)
(The Psychological Corporation, San Antonio, TX)
The WDS Tests are used to examine a patient's attention
span, concentration, distractibility, and immediate memory
recall (interview with Mark Lovell, MD, Department of Psy-
chiatry, Allegheny General Hospital, Pittsburgh, PA, January
11, 1995)." In the first test, a series of digits is presented by
the examiner, after which the patient repeats the digits in order.
The digits are read at a rate of one per second and are presented
in six pairs of sequences, ranging from three to seven digits in
length. Scoring is based on the number of correctly recalled
digit sequences. The second part of the test requires the patient
to repeat the digits in the reverse order of their presentation.
Again, the number of correctly recalled sequences is recorded.
A perfect score is 24.
Procedures
All 72 subjects were administered the same four cognitive
tests at each of three testing sessions. The order of tests was
randomly selected on each day by choosing pieces of paper
labeled with the test names. The tests were administered in a
noise- and distraction-free environment by the researcher or a
research assistant. All tests were administered with strict
adherence to the instruction manuals, and the test battery took
less than 15 minutes to administer. Tests were administered
three times, with one day between test days. When available,
alternate forms of the tests were administered to minimize
practice and learning effects.
RESULTS
Mean values and standard deviations for the HVLT and the
Stroop, Trail-Making, and WDS Tests for each of the three test
dates are presented in Table 1. Four separate repeated-
measures analyses of variance (ANOVAs) revealed significant
main effects for test day (Table 2). Alpha levels were consid-
ered significant if P < .05. Tukey post hoc analyses revealed
significant differences on all test dates for the Stroop, Trail-
Making, and WDS Tests. A significant difference was found
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only between day one and day three of the HVLT, with scores
actually decreasing (becoming worse) over time.
Correlational analyses revealed a significant correlation
(P < .05) between the Stroop test and the Trail-Making Tests
on each of the three test dates. Analyses also indicated a
significant correlation between the Stroop and Trail-Making
Tests and HVLT scores on the second test date. A total
performance index was calculated using t scores from the four
tests on each of the three test dates. While all four tests were
significantly correlated with the overall index, the WDS Test
seemed to be the least predictive of overall performance. Each
of the other three tests proved to be the most correlated,
depending on the test date (Table 3).
DISCUSSION
One of the major obstacles faced by athletic trainers and
other sports medicine personnel in the assessment of head
injuries is the lack of quantitative data available for comparison
during evaluation and subsequent followup procedures. Re-
search has indicated that neuropsychological tests can be a
useful tool in determining cognitive deficiencies as a result of
MHI.312"13"1523-28 The scores obtained from such cognitive
tests have been used not only in assessment, but also in
deciding when to return an athlete to competition after a head
injury.
We found significant improvement on each of the four
testing dates for the Stroop, Trail-Making, and WDS Tests,
indicating a learning effect on these tests from one date to the
next. Most likely the subjects were able to improve their
performance scores not because there was improvement in
their cognitive abilities, but because they became familiar with
the tests. For example, improvement on the Stroop Test can be
attributed to becoming familiar with the test and knowing what
is expected, because the colors and words cannot be memo-
rized. Improvement on the Trail-Making Tests can be the result
of a combination of remembering the patterns of circled letters
and digits on the paper and becoming familiar with the testing
procedures for a practice effect. Surprisingly, there was a
significant improvement in the scores between test dates for the
WDS Test. This difference may be attributed to subjects'
gaining a better understanding of the test procedures and how
to memorize digit sequences.
As expected, analysis of the HVLT indicated no learning
effect. However, there was an unexpected significant decrease
in the scores between test dates one and three. According to
previous research,'9 all forms of the HVLT are supposed to be
Table 1. Mean Scores (+/- SD) for Each of the Four Cognitive
Tests Across Test Days 1, 2, and 3
Test Test Day 1 Test Day 2 Test Day 3
HVLT 39.56 (3.18) 38.64 (2.87) 38.61 (3.06)
Stroop 243.50 (22.48) 262.06 (22.49) 272.04 (23.36)
Trail making 64.75(12.52) 56.08(11.64) 48.11 (10.87)
WDS 17.47 (2.80) 18.10 (2.96) 18.62 (3.06)
Table 2. F Values Indicating Significant Differences Between
Testing Days on the Four Cognitive Tests
Test F Value = (Significance)
HVLT F(3, 142) = 3.64 (.029)*
Stroop F(3, 142) = 183.46 (<.001)*
Trail making F(3, 142) = 114.94 (<.001)*
WDS F(3, 142) = 13.69 (<.001)*
* P < .05.
equivalent and no learning effect should occur. Each test form
contains a new word list, so words cannot be memorized
between trials. Brandt's research 19 actually indicated a slight
increase in scores between test days one and three. The most
plausible explanation for the decrease in scores in our study is
simply the lack of motivation by the subjects on the third
testing date. Decisions regarding cognitive ability should not
be based solely on the HVLT due to possible false-positives
that may occur as a result of decreased motivation.
When testing individuals who have sustained a head injury,
it is necessary to distinguish between improvements due to a
learning effect and improvements due to reduction in concus-
sive symptoms. For example, by using the established normal
values, it can be expected that a subject will improve by about
8 seconds on each Trail-Making Test session. Smaller im-
provements than expected may indicate unresolved concussive
symptoms. There should be approximately a 20-point increase
in the overall Stroop score from day one to day two and an
additional 10-point increase between test dates two and three.
Analysis of the WDS Test indicates an expected one-point
increase from test date one to test date three. However, our data
revealed no learning effect when taking the HVLT over several
sessions. Therefore, clinicians should not expect to see an
increase in scores in normal subjects. Still, any improvement in
scores after a mild head injury could be indicative of resolved
cognitive deficits.
Because both the Stroop and the Trail-Making Tests involve
processing information quickly, we expected a significant
correlation between the scores on these two tests. Our results
support this theory, indicating a significant correlation between
the two tests on each of the three test dates (r = 0.40, 0.34, and
0.40, respectively). This finding is significant because it
establishes that performance on one test is predictive of
performance on the other. Clinically this may indicate that both
tests need not be administered as part of a testing battery if both
tests are unavailable or if time is a factor in administering the
tests. Caution should, however, be taken in eliminating tests
because each test is sensitive to a different aspect of cognitive
functioning. Also, the tests may not correlate in the same way
when testing individuals with mild head injuries.
The Trail-Making Tests correlated best with overall perfor-
mance, but only for the first test date. On test dates two and
three, the HVLT and the Stroop Test were found to be more
correlated with overall performance. The significant finding
was that the WDS Test was the least correlated on each of the
three test dates. This may indicate that the WDS Test is
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Table 3. Pearson's Correlation Coefficients from t Scores Between the Four Cognitive Tests and a Total Performance Index
WDS HVLT Stroop Trail Making Index
WDS ... r = .1596 r = .0865 r = .0445 r = .5381
P= .181 P= .470 P=.710 P= <.001
HVLT r = .1596 ... r = .0557 r = .1344 r = .5628
P =.181 P = .642 P = .260 P = .001
Stroop r = .0865 r = .0557 ... r = .3983 r = .6417
P= .470 P =.642 P= .001 P= <.001
Trail making r= .0445 r= .1344 r= .3983 ... r= .6570
P=.710 P= .260 P= .001 P = <.001
* T scores were calculated so an index could be determined while adequately representing timed scores for the Trail-Making Test.
r = correlation coefficient.
P values < .05 are considered significant.
sensitive to cognitive abilities that are not correlated with the
other tests. Thus, the WDS Test would be very valuable in a
cognitive test battery for possibly identifying deficits in cog-
nitive ability not discovered by other tests. The ease of
administration enables the WDS Test to possibly be used on
the sidelines as a quick test of cognitive function.
Although our testing was performed in a controlled (labo-
ratory) environment, it is speculated that these tests can be
administered in uncontrolled environments (sideline or locker
room). Athletes could be administered the tests on the sideline
as part of the regular MHI evaluation. We recommend that
cognitive assessment be performed within the first 20 minutes
following injury, followed by subsequent testing on days 2 and
4 after the injury. Further research is needed to determine
whether these tests can be used in uncontrolled situations, such
as on the sidelines.
CONCLUSIONS
The most important finding in our study was the establish-
ment of normal scores for a battery of cognitive tests that
revealed learning curves for three of the four tests. Athletes
who sustain a head injury can be given the tests and the results
compared with the established normative scores. Low scores
may be indicative of unresolved complications of MHI. Sports
medicine personnel may make more informed decisions re-
garding an athlete's ability to return to competition with less
risk for complications resulting from second-impact syndrome.
Our results indicate that all four tests should be incorporated
into a test battery examining cognitive function. Athletes
should be tested the day of injury and again 2 and 4 days
following the initial test.
It should be emphasized that cognitive testing is only part of
the assessment process in the evaluation of a head injury and
should not take the place of other physical tests. Cognitive
testing does provide an objective assessment tool for the
evaluation of a head injury; however, decisions on returning an
athlete to competition must not be made solely on the results of
these tests. Improving evaluation techniques through the use of
cognitive testing will, we hope, help to reduce the frequency of
reinjury and potential fatalities related to head injuries.
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